This paper presents study of 115 grounding accident reports from the Safety Investigation Authority of Finland and Marine Accident Investigation Branch of the UK, as well as 163 near-miss grounding reports from ForeSea and Finnpilot incident databases. The objective was to find the type of knowledge that can be extracted from such sources and discuss the usability of accident and incident reports for evidencebased risk modeling. A new version of Human Factors Analysis and Classification System (HFACS) is introduced as a framework to review the accident reports. The new positive taxonomy as Safety Factors, which are based on high level positive functions that are prerequisite for safe transport operations, is used for reviewing the incident reports. Accident reports are shown as a reliable source of evidence to extract the most significant contributing factors in the events. Mandatory incident reports are considered useful for understanding the effective barriers as risk control measures. Voluntary incident reports, though, are seen as not very reliable in their current form to be used for evidence-based risk modeling.
Usability of accident and incident reports for evidence-based risk modeling -A case study on ship grounding reports Arsham Risk models are developed for understanding the behavior of a system and its components in order to mitigate the involved risks by implementing proper control measures (IMO, 2002) . In this regard, a suitable model for risk management purposes should reflect the available background knowledge on the system and its components (Aven, 2013; Montewka et al., 2014) . Here the term ''knowledge'' is used as ''know-how'' (Ackoff, 1989) , which in risk management concept could mean ''know how to control the risk''. Most of the available risk models for maritime risk analysis are focusing on giving risk figures rather than presenting the available background knowledge of the system . The models are mostly based on the intuition of the developers rather than the evidence, thus they may not be proper enough for risk management purposes; for a thorough discussion on this subject the reader is referred to Mazaheri et al. (2014b) . Lack of background knowledge about the underlying causes of a system or improper presentation of the available background knowledge leads to uncertainty in the used risk models (Aven and Zio, 2011) . Therefore, evidence-based risk modeling that addresses real accident scenarios as opposed to imaginary scenarios is encouraged (IMO, 2002 (IMO, , 2012 Kristiansen, 2010; Mazaheri et al., 2013b Mazaheri et al., , 2014b .
One of the main sources of the evidence that is available and can be used for evidence-based risk modeling is accident reports that are prepared by expert accident investigators (Schröder-Hinrichs et al., 2011) . Since obtaining primary data about an accident that has happened in the past is nearly impossible, using accident reports as a secondary source of data is unavoidable (Mazaheri et al., 2013b ); see Fig. 1 . However, there are some concerns regarding using only accident reports for modeling. One is that the accidents are scarce in frequency, thus the number of scenarios that can be analyzed is limited (Ladan and Hänninen, 2012) . To overcome this imperfection, one of the suggested solutions is to utilize incident reports (Rothblum et al., 2002) , as incidents occur much more frequently than accidents (Bole et al., 1987) . Besides, since incidents are governed by the similar mechanism and underlying factors that cause accidents (Harrald et al., 1998 ) but they did not end in actual accidents, analyzing the incidents may likely give insights about the in-placed risk control options that stopped the incident to become an accident. Here, an incident or near-miss refers to an individual or a series of mishaps that did not result in a serious accident like ship grounding with consequences on human life or the environment.
By virtue of the above statement, utilizing accident and incident reports may be beneficial for evidence-based risk modeling. This is because accident and incident reports can be useful for uncovering the factors that have contributed to the occurrence of a mishap as well as for evaluating the level of importance of each factor. Besides, the way that the contributing factors are linked together may be understood from such reports. In this regard, the aim of this paper is to study the usability of accident and incident reports for evidence-based risk modeling by assessing the type of knowledge that one can extract from such reports. For this study, we have used ship grounding related reports due to high frequency that this type of accident has in local and global perspectives (Kujala et al., 2009; Samuelides et al., 2009 ). This makes the reports of grounding accidents and incidents to be more easily available in compare with other types of accidents. Besides, the importance of this type of maritime accident with regard to its consequences Mazaheri et al., 2014b ) makes this type of accident worth to study.
As Lundberg et al. (2009) highlighted, in practice the result of an accident analysis depends on two issues namely the causes and the causality. The causes are the contributing factors that their presence in the accident is observed, and the causality is related to the mechanism that the causes are interconnected and cause the accident at the end. In this paper, we merely look for the presence of different causes in the causal networks of grounding accidents based on the reviewed reports, and the causality relation analysis is left for further studies. In other words, we only searched for the most important nodes that can later be present in a probabilistic causal risk model of an accident like Bayesian Belief Networks (Pearl, 1988; Hänninen, 2014 ) (i.e. Parameters of the Model in Fig. 1 ) and only used that to support our discussion.
The remainder of this paper is organized as follows: the accident and incident reports that are used for the study are introduced in the next Chapter. The applied methodologies for reviewing the reports are presented in Chapter 3. The results of the study are presented in Chapter 4, followed by a discussion in Chapter 5. The paper is concluded in Chapter 6.
Accident and incident reports as data sources

Accident reports
Accident reports are categorized as a secondary source of data, in which the reports are prepared from the primary data that the investigator obtained first-hand by interviewing the operators and analyzing the evidence, normally short time after an accident (Mazaheri et al., 2013b) . In maritime safety analysis, the official accident reports that are prepared by the accident investigation boards usually present valuable information regarding why and how an accident happens. For this study, we have utilized 73 grounding accident reports from the Safety Investigation Authority of Finland (SIAF) and 42 reports from the Marine Accident Investigation Branch (MAIB) of the UK, which both of the sources are freely accessible for the public.
Although more systematic analysis and attention toward the organizational contribution factors can be seen in the recent reports of SIAF, the structures of the reports are more or less the same. They are all started with a summary, which briefly explains the event and the findings of the investigators. The reports continue with general description of the vessel, external condition at the time of the accident, and then the accident and the possible performed rescue operations. These are followed by the analysis of the accident and the causes. At the end, the reports are mostly concluded by presenting the causal chain of events and the underlying factors in the accident, as well as some recommendations to improve maritime safety. The parts that are fully reviewed for this study are summaries, analyses, and the conclusions. However, for some of the reports, other parts are also browsed in order to better understand the accident and the connection of the causal events.
Almost the same approach and structure was taken by MAIB. The reports started with synopsis of the event and the factual information about the accident. They are continued with analysis of the accident and conclusion of the analysis. Then the performed actions by different organizations following the accident are presented and the final recommendation by the investigators concludes the reports. The parts in MAIB reports that are fully reviewed for this study are synopsis, analysis, and conclusion.
Incident reports
On the contrary to the accidents, there is almost no available systematic reporting system for incidents. Currently, there are quite few available sources that can be used for obtaining the near-miss data, of which not all are available for public use; for a thorough discussion on this subject see for example Ladan and Hänninen (2012) . For this study, we have used the incident reports of ForeSea and Finnpilot, which neither of them is freely accessible for the public. They have been accessed through signed agreements for this study and solely for research purposes.
ForeSea is an anonymous and voluntary feed-by-users database that was initiated by Finnish and Swedish government agencies. The database was created in order to collect the hazardous conditions that are not normally reported to authorities (ForeSea, 2014) . Reporting to ForeSea can be performed only by registered users and by filling a form with four questions. The parties need to answer the questions in their own words as clearly as possible. The questions are: What happened? What caused the event? What were the consequences of the event? and What measures were taken? The answers are first handled by a third party, in which the parts that can jeopardize the anonymity will be removed and key words are assigned to each case to make it searchable. Thereafter, the reports are added to the database.
Finnpilot is the company that provides comprehensive pilotage services in all Finnish territorial waters (Finnpilot, 2014) . The company collects the near-miss cases with the help of its sea pilots. After each pilotage task, every pilot fills an online multiple-choice questionnaire regarding the performed pilotage; and in case the pilot had faced any abnormality or difficulties during his/her tasks, he/she should write a short report to explain the situation and the actions that were taken to handle the situation. The collected answers for the questionnaires and the attached reports are available through Finnpilot intranet for the usage of its members and for the purpose of increasing the awareness among the pilots and improving the pilotage services.
For this study we have utilized 73 reports from ForeSea and 90 reports from FinnPilot, all returned as near-miss groundings with keyword search. Due to the shortness of the reports and the little amount of information that is provided for such reports, in contrary to the accident reports, the incident reports are reviewed thoroughly for this study.
Methodology
Generally, accident and incident reports are in text format and the information first need to be extracted before one is able to utilize them. The extraction normally needs human efforts, thus the risk of human opinion subjectivity exists. There are some text-mining techniques that use machine-learning algorithms to eliminate the need of human efforts for extracting the information and thus cope with the human opinion subjectivity issue; see for example (Artana et al., 2005; Tirunagari et al., 2012a,b) . However, still quite many challenges exist in this regard as the reports are written in different natural languages with their own abbreviations and no standard template, and also they often contain misspelling (Hänninen et al., 2013) . Additionally, since most of the available data sets whether in categorical-or text-format are prepared by humans at some stages, they contain the views of their creators and thus some level of subjectivity anyway (Hänninen et al., 2013) . Therefore, being aware of such possible subjectivity, we have utilized human to review the reports and extract the embedded information. Nevertheless, to minimize the human opinion subjectivity, the reviewers of the reports extracted the information solely based on the words that were mentioned in the reports, and thus avoided further investigating the cases that can introduce opinion subjectivity into the extracted information. Besides, since the effect of the background knowledge of the person, who reviews the reports, is not critical for the extracted information (Hyttinen, 2013; Hyttinen et al., 2014) , the reports are all reviewed by researchers who are experts in risk analysis and risk modeling.
Accident reports
Since the accident reports were prepared in a systematic way by expert accident investigators, in order to uniformly extract the information from all the reports, a framework is needed for reviewing the reports. There are a handful of tools and frameworks available for accident and incident analyzing and reporting (Johnson, 2003) , which are mostly based on linear or non-linear accident theories that deal with complex socio-technical systems. Since a ship and her interactions within a maritime traffic system is also a complex socio-technical system (Hollnagel, 2004) , in this study we have utilized a redefined version of a well-established complex-linear method as Human Factors Analysis and Classification System (HFACS) framework to review the reports.
HFACS, which is based on the linear accident theory of Reason Swiss Cheese (Reason, 1990) , was initially developed to study the contribution of human elements in military aviation accidents Wiegmann, 1997, 2000) . The framework was further developed to also cover other causal factors than human factors, namely environmental factors like machinery failures and meteorological conditions (Wiegmann et al., 2005) . The success of the method in detecting the contributing latent and active failures in the accident analysis made the method popular in the field of accident analysis that is vastly used in analysis of civil aviation accidents (Shappell et al., 2007) as well as the accidents in other domains like railroad (Reinach and Viale, 2006) and maritime (Chen and Chou, 2012; Chen et al., 2013) . Reinach and Viale (2006) have further developed the method by adding the fifth level, namely ''external factors'', to the initial four levels in order to cover the latent failures that come from outside a particular domain. The same practice is followed by recent studies that used HFACS; see for example (Schröder-Hinrichs et al., 2011; Chauvin et al., 2013; Chen et al., 2013) .
Since every single accident is unique from its own perspective, frameworks like HFACS try to assign the unique causes of an accident into more global factors to give better understanding of the phenomena by cumulating the causes into frequent factors. In this regard, having a specific framework with more specialized global factors for each domain and purposes seems beneficial. The different versions of HFACS that are recently introduced in the maritime domain like HFACS-MA for general maritime accidents (Chen et al., 2013) , HFACS-Coll for collision accidents (Chauvin et al., 2013) , and HFACS-MSS for machinery space accidents (Schröder-Hinrichs et al., 2011 ) support this belief. Therefore, we have revised HFACS to a specific version suitable for grounding accidents analysis (HFACS-Ground; see Fig. 2 ) by implementing factors that are more related to grounding accidents (see also Mazaheri and Montewka, 2014) . HFACS-Ground is also built as a five-level framework and has many similarities with HFACS-Coll and HFACS-MA. However, in addition to the factors that cover traffic control and piloting services as affecting factors on grounding accident, ''infrastructure'' is added as a latent failure subcategory to the ''environmental factors'' in order to cover the waterway complexity related issues, like design and markings ( Fig. 2 and Table A-1). These are the factors that are believed to have effect on the frequency of grounding accidents as reported in Mazaheri et al. (2013a) and Mazaheri et al. (2014a) . The accident reports in this study were then reviewed using this novel framework of HFACS-Ground, and the results are reported in Section 4.1.
As is mentioned before, in order to avoid subjective interpretations of the reports, only the factors that were explicitly mentioned in the reports were extracted and classified based on the HFACS-Ground. This basically means that the reviewers avoided further investigating the causality of the mentioned causes in the reports up to the higher levels. In total, HFACS-Ground contains 147 factors that each factor is assigned a nanocode. The nanocodes were used during the reviewing process to catch the frequency of the causal factors mentioned in the reports.
Incident reports
In contrary to the accident reports that were prepared in a systematic analytical way by expert accident investigators, the incident reports suffer from the lack of a systematic view of the event. The ForeSea reports are short (from few sentences to maximum of half a page) and may have been reported by people of different expertise, thus their qualities depend on the reporters' skills (Hänninen et al., 2013) . The reports of FinnPilot have more structured keywords, thanks to the preliminary questionnaire each pilot needs to fill. Although, the actual reports are still short (less than a page), they have the advantage of containing the expert analysis of the situation by a certified mariner. Nevertheless, same as ForeSea, FinnPilot reports has the high potentiality to be subjective and biased as the reports are prepared by the same person who was involved in the event. This has resulted that the reports have different qualities with regard to the provided data and information. Most of the ForeSea reports contain merely what have been seen, and only few have tried to hypothesize the proximate causes of the events. Even those few reports lack the evidence to support the provided hypotheses. Finnpilot reports also contain only the factors that the pilot was able to catch during performing his task, thus they also lack a broad systematic view to the event. Therefore, using HFACS-Ground for analyzing incident reports is not practical, rather it might be misleading as normally active failures are the only causes that are reported in the incident reports. Therefore, another approach and taxonomy as Safety Factor (SF) has been followed in this study for reviewing the incident reports. The SFs are the high level positive functions that are believed to be prerequisite for safe transport operations. The SFs are initially drafted by Nisula (2014) and include the (airline) pilot competencies that were produced in the Evidence Based Training (EBT) project (IATA, 2013) . The SFs are then refined and customized for maritime purposes within expert panel discussions at the Finnish Transport Safety Agency (TraFi) as part of an on-going experimental project at TraFi. The principles for creating the SFs were that 1 -the factors need to be a positive function and not failure condition or technical device; 2 -the set should cover all high-level safety critical functions; and 3 -overlap among the SFs should be avoided (Nisula, 2014) . The SFs provide an approximation of the real system functions and do not go in-depth compared with other methods like HFACS. Many SFs may depend on each other and safety is not simply a sum of these factors. Besides, the positive nature of the SFs as opposed to the failure condition taxonomies used in methods like HFACS helps the researchers to look for the measures that were present in the incident scenarios and presumably stopped the situation to become an accident. These features of SFs provide a suitable platform with proper taxonomy for analyzing the incident reports that are not prepared in a systematic analytical way. For a more comprehensive explanation on the SFs, the reader is referred to Nisula (2014) .
Incident reports in this study are thus reviewed using the SFs (see Table A -2) to find which of the functions presented by SFs failed, and also if any of the SFs acted as in-place barrier and had a significant role in preventing the escalation of the event. This way, both positive and negative experiences can be tracked, even though the SFs are presented as positive functions. The positivity of the SFs, like ''Controllability of the ship'', is desirable to detect the presented safety factors that acted as barriers and stopped the incident situation to become severe into an accident. However, for the purpose of analyzing the contributing factors in the incidents it was necessary to have the negation or failed SFs, like ''Loss of Controllability of the ship''. In this way, SFs not only help us to understand why an incident occurred, but also help us to find what it takes for a serious situation not to become an accident. The results of reviewing the incident reports are presented in Section 4.2.
Statistical analysis
To identify any significant link between the extracted contributing factors as well as between SFs from both types of the reports, the statistical dependencies of the factors are studied two-bytwo using Pearson correlation coefficient (r). The significance of the correlation is tested by computing the p-values using Student-t distribution. The Spearman rank coefficient (q) is also used to study the rank relation between the frequencies of the extracted factors from the accident and incident reports. The results of the statistical analysis are used in Section 4.3.1 to compare acquired knowledge from the accident and incident reports as well as to briefly discuss the interrelation between some of the extracted contributing factors from the reports (see Fig. 1 ). Table 1 shows the results of the reviewing of the accident reports as the relative frequency of each class of factors. The relative frequency shows the occurrence frequency of a specific class of factors in the reports in relation to the occurrence frequency of all the other factors in each layer (see Fig. 2 ). It can be seen that levels 1 and 2 of the failures as unsafe acts and preconditions are seen more frequently in the accident reports. Level 5 of failure as the external factors has the smallest frequency. Level 2 of failure as preconditions has the highest frequency among other levels of failures, which may be the result of having the largest coverage of the factors. From among the 147 causal factors that HFACS-Ground covers, 88 factors belong to this level. Table 1 also shows that ''judgment/decision errors'' is the most frequent active failure. When this is seen together with the most frequent latent failure, as issues related to coordination/communication/planning, one may see the importance of the proper planning and communication, as most of the errors may be avoided as a result of that. Although this is an interrelation (i.e. causality) issue that needs to be further studied, we have discussed a bit further on this issue using the results of the correlation analysis in Section 4.3.1.
Results
Accident reports
Moreover, Table 1 shows that the most frequent failures are among the two first levels of failures in HFACS-Ground framework. Since these two first levels of failures are mostly related to the failures of the frontline operators, this shows that: either the reviewed accident reports somehow failed to further investigate the top tier causes as organizational, supervisional, and external factors; or those preconditions may have been less involved in the causality network of the accidents. If the first conclusion is true, then there is the risk that the recommendations that are made based on these investigations may not be able to tackle the actual problem.
Incident reports
As is mentioned before, the SFs are phrased as positive functions, e.g. ''Controllability of the ship'', which is desirable to detect the presented safety factors that acted as barriers and stopped the incident situation to become severe into an accident. However, for the purpose of analyzing the contributing factors in the incidents as well as comparing the incident and accident events with each other, it was necessary to have the negation of SFs, e.g. ''Loss of Controllability of the ship''. Therefore, the incident reports are reviewed to simultaneously find those SFs that were reported present in the event as barriers and also to find if the absence or failure of any SFs contributed to the occurrence of the event. This means that not only the SFs are collected as safety barriers (Pos. columns in Tables 2 and A-2) but also the negations of SFs are collected as contributing factors (Neg. columns in Tables 2 and A-2) in the incidents. Table 3 shows the summary of the results of the reviewing of the incident reports as the relative frequency of each SF, which is the occurrence frequency of a SF or its negation in relation to the occurrence frequency of all the other SFs. The complete results of the reviewing of the incident reports are presented in Table A-2 in Appendix. Table 2 shows that the most contributing factors into the occurred incident were the absence or failure of the Fundamental and External Safety Factors. Looking into the details of the SF categories (Table A-2) one can see that the problems with the propulsion systems as well as the pilotage related problems were the most frequent contributing factors in the reviewed incidents (Fig. 3) . The effective SFs that acted as barriers also belong Table A -2) shows that manageability of the external weather conditions as well as the readiness of the crew regarding the upcoming demanding situation have helped the crew to manage the facing threats safely (Fig. 3) . Moreover, going to each group of incident reports separately (i.e. ForeSea and Finnpilot), some patterns can be seen that most probably rooted into the way that the reports are prepared. The most frequent contributing factor related to the incidents reported of ForeSea is the unavailability of propulsion, while for the reports of the Finnpilot is pilotage related factors (see Table A -2). Since ForeSea incident reports are prepared voluntarily by the person who was involved in the incident, this may be the sign that people tend to mostly see the technological failures as the cause of a mishap rather than the human related factors. Contradictory, the reports of the Finnpilot, which are also prepared by the pilot who was involved in the incident shows that the pilotage related difficulties and problems, which is a human related factor, is the dominant contributing factor into the incidents. One possible reason for this contradiction might be that, unlike the ForeSea incident reports, the reported incidents by Finnpilot are the mandatory reports requested by the company that need to be prepared right after each incident. Besides, Finnpilot reports are the incidents that at least two independent parties were involved (i.e. the pilot for the pilotage company and the crew for the shipping company).
Thus, more clear and informative reports are naturally prepared as there were at least two independent witnesses (i.e. sources of information). Moreover, although the ForeSea reports also have the purpose of informing the maritime community about the possible threats, the Finnpilot reports are internal reports requested by the company that has more clear purposes for the reports, i.e. enhancing the piloting services offered by the company. This may show the weakness of the voluntary reports in compare with the mandatory reports, to be used as a reliable source of information for usages other than enhancing the safety awareness through the maritime society.
Comparison of incidents and accidents
Since the accident and incident reports are reviewed with different approaches, in order to be able to compare the extracted knowledge from them we transferred the results of the accident and incident reports into a common terminology, using general categories that are based on failure terminology. Categories from Rothblum (2000) and McCafferty and Baker (2006) are used as guidelines in building the general categories for this part. Since having fixed categories may result information loss and thus introduce uncertainty (Hänninen et al., 2013) , a dynamic category definition, in where the categories change during the process is implemented. The process was both iterative and collective; Fig. 3 . The most frequent safety barriers (Greens; Positive SF) and contributing factors (Reds; Negated SF) in the reviewed incidents.
meaning that when all the extracted contributing factors from the reports were in hand, they were assigned to some pre-created categories. In case that some contributing factors cannot be fit to an existing category or a change to the taxonomy of an existing category is needed in order to accommodate a contributing factor, a new category is created. When a new category is created, all the contributing factors are checked again to see if the new category can be a better fit for any of the previously assigned contributing factors.
The results of this process for both accident and incident reports are shown in Table 3 . As mentioned before, it can be seen that mechanical failure or unexpected behavior of equipment by far is the most frequent mishap category that is reported by ForeSea incident reports. The next category, which stands second to mechanical failure by a distance, is errors. Knowing that ForeSea incident reports are voluntary reports written mostly by the person who was involved in the incident, this may be the sign that people tend to mostly see the technological failures as the cause of a mishap rather than a human element. Although ''errors'' comes next in the list, all the errors reported in the reviewed ForeSea reports were errors made by a person other than the reporter and most of them were people out of the circle of the crew, like port operators or an individual in a third company. Only one report contained an error made by a crew member, which was reported by his superior as the cause of the mishap. This may show that despite of the existing oppose discussions for the blame culture (see for example Russell, 1999 and Bond, 2008) this culture is still alive in the mind of mariners that makes them hesitate to either see or report the mistakes made by themselves or their close colleagues. This could be seen as another reason that why voluntary-based reports in their current format are not reliable to be used for evidence-based risk modeling.
Looking at the most frequent factors from the Finnpilot reports, inappropriate regulations and organizational factors come first in the list. Those are mostly related to the difficulties in the performed pilotage tasks, when for example pilot either embarked after the pilot boarding position or disembarked before that, because the rules in these issues are not clear. Although they are mostly justified (e.g. due to the weather condition), it can be seen that the pilots reported them as threats for safety. This threat was also spotted as a contributing factor for some of the accidents in the reviewed SIAF reports. Same as the Finnish pilots, the SIAF accident investigators were pointing out the generality and ambiguity of the regulations regarding the pilotage practices either by the maritime authorities or the ship operating companies as a threat for safety.
Statistical analysis
The Spearman rank correlation between the rank orders of contributing factors for accident and total incident reports (Table 3) , which shows the difference between the most frequent causes in the accident and incident reports, is weak in general (q 0.3). Nevertheless, the rank correlation changes significantly if we do the test for accident reports and each source of incident reports (i.e. Finnpilot and ForeSea) separately. The rank correlation between accident reports and the Finnpilot incident reports shows quite strong correlation (q 0.6, p < 0.05), while the same test with ForeSea database is absolutely weak (q 0.07). This difference may be interpreted in two ways. The first interpretation comes from the way that the reports are prepared. Since a systematic approach is followed for the accident reports, they may be considered more reliable with regard to the presented knowledge. Thus, the difference between the rank order of the important contributing factors in accident and incidents reports may be a good criterion to examine the reliability of the incident data sources. Therefore and based on the assumed criterion, we may conclude that the involved uncertainties in the voluntary incident reports of ForeSea are high that make the reports almost unreliable to be used as such in evidence-based risk modeling. Thus, unless the current way of investigating and voluntary reporting the incidents are changed, the reports may only be useful in the way that they are being used nowadays, meaning acting as alerts of the possible threats in the working places or increasing the safety awareness among the mariners. On the contrary, the Finnpilot mandatory incident reports and the embedded information can be considered reliable enough to be utilized in evidence-based risk modeling.
The second interpretation comes from the idea that the incidents are incomplete chains of events toward an actual accident. This means that the more in deep parallel analysis of accident and incident reports may reveal the possible risk control options that were in place to stop the incident to become an accident. For instance, although errors has the second rank in frequency in both types of reports (see Table 3 ), based on the frequency of inappropriate communication and cooperation in the accident and incident reports, we may conclude that ''appropriate communication and cooperation'' in the incident cases stopped the situation to become serious, and thus highlighting the importance of a proper interaction between the crew. This conclusion can be confirmed at some level by the statistical results of the study (see Fig. 4A ). Finnpilot incident reports show that the inappropriate communication and cooperation will interrupt the flow of information (i.e. availability of timely and reliable information/aboard the ship; see Table A -2) between the crew (r = 0.6, p < 0.01), which then will increase the likelihood of errors. In such cases, the skills and knowledge of a pilot (i.e. External Safety Factor/Pilotage; see Table A -2) may compensate this flaw (r = 0.6, p < 0.01) and acts as a safety barrier. Moreover, inappropriate communication and cooperation is linked to inappropriate route planning (r = 0.5, p < 0.05) in the accidents. The importance of appropriate route planning, itself, can be understood by the link that it has with presence of a pilot (r = 0.5, p < 0.05) in accident cases, knowing that in about 40% of the reviewed grounding accident reports a licensed pilot was present onboard the vessel. However, Finnpilot reports show that when the pilotage does not go as is planned, in a favorable environmental condition and good visibility (i.e. External Safety Factors/Manageability of threats related to conditions; see Table A -2) the awareness of the crew on the bridge can save the day by recognizing the error on time (r = 0.9, p < 0.01). It is worth to mentioned that there is also a strong link between inappropriate communication and personal factors (r = 0.7, p < 0.01) in incident reports in general, which may show how personality of crew affects the safety through inappropriate communication.
The results also show that the lack of redundancy could be an affecting factor in safety as it is reported in about 4% of the incident cases and shows a strong link with the accidental loss of control (r = 0.8, p < 0.01) in the accidents (see Fig. 4B ). The results of the accident cases show that the accidental loss of control, itself, can be affected by the inappropriate training (r = 0.8, p < 0.01) and the inappropriate maintenance through technical failures (r = 0.7, p < 0.05).
Under-manning, which is reported by almost 6% of the accident cases, shows strong connection with inappropriate regulation and practices (r = 0.6, p < 0.01), which is presented in both incident (21%) and accident (8%) cases (see Fig. 4C ). This then illustrates the importance of proper policies and training, especially in human resource management, in the maritime safety.
Discussion
The results show that the most frequent active failure contributed in the reviewed grounding accidents is the operators' errors (Table 1) . Operators' error comes second as frequent causes in both accident and incident reports (Table 3) . Combining this knowledge with the high frequency of inappropriate communication and cooperation in accidents and the low frequency of the same factor in incident reports (Table 3) , the importance of proper interaction between the crew members may be highlighted. Most of the operators' errors may be detected and avoided on time through proper monitoring and checking, which is the result of a proper communication and cooperation (Fig. 4A) . Moreover, statistical analysis of the extracted causes in accident and incident reports suggests that inappropriate planning is an important factor affecting safety with regard to the grounding accident (Fig. 4A) . The results show that inappropriate planning can affect maritime safety as it may even cancel out the presence of a licensed local pilot onboard.
Most of the detected contributing factors in the reviewed accident reports belong to the first and second levels of failures in Fig. 2 , which is mostly related to the operator's failure. This may be the sign that either the current frameworks that are used for analyzing the accident reports are not proper for detecting the upper level failures (level 3 upwards in Fig. 2) , or upper level failures were not highly involved in the studied accidents. This may be interpreted in two ways. A more conservative interpretation is that active and latent failures of the frontline operators are the most responsible failures for grounding accidents; which then suggests the need for causality analysis of these failures in order to be able to implement proper control measures. Another interpretation, could be that the used frameworks for the accident analysis by MAIB and SIAF are not capable of deep analyzing an accident up to the higher levels of failures; which then suggests the use of a more proper and updated framework for the investigations. It is worth mentioning that in none of the reviewed accident reports HFACS has been used as the framework for investigation. Therefore, since the presented knowledge in each report is affected by the framework that is used for investigating the accident (Lundberg et al., 2009 ), our study shows that the use of a different framework to review the reports does not have much effect on the knowledge that can be acquired.
The analysis of the reviewed incident reports shows that the current practice of voluntary reporting the near-misses cannot contribute much on evidence-based risk modeling; because they only highlight active failures as the contributing factors in the occurred mishap. Besides, such incident reports have the tendency to overlook the mishaps related to organizations and operators, and emphasize more on technology failures. This is either because the reports are not prepared based on a holistic investigation and only the observations are reported; or that the blame culture is still highlighted in the minds of the crew that even in an anonymous report they hesitate to report other causes than technology failures. This may be seen as a problem of the voluntary near-miss report systems, as it makes the incident reports to be unreliable with regard to detecting the significant causes of an accident that can be used in evidence-based risk modeling. However, the mandatory incident report system that is carried out by the companies and for their own purposes has better potential to be used for evidence-based risk modeling, specifically if more than one party is involved in the event. Although still suffer from the lack of a systematic view, such reports are considered more reliable with regard to the presented information and thus more consistent source for evidence-based risk modeling as it seems the blame culture has no effect on such reports. For instance, the study of the Finnpilot reports that are prepared by the pilots themselves shows that the difficulties and problems during the pilotage are responsible for the incidents in more than 38% of the cases.
Moreover, since incidents can be seen as broken chain of hazardous events that did not end in an accident, if the current practice of reporting near-misses is changed into a more systematic way of analysis, these reports may be used in evidence-based risk modeling in combination with accident reports in order to find proper safety barriers and control options. One does not have much to say with regard to the possible controlling options only by knowing about the most frequent causes. Effective control options can be defined and implemented only if the interrelations between the contributing factors are known. The interrelations between the factors were not studied in this paper as such; however the study shows that the statistical analysis on the frequency of the causes may give hints regarding the causal relations between the extracted causes (see Fig. 4) . Analysis of causal relations may tell why a mishap like inappropriate communication has occurred. For instance, we have found that the causes recognized by the investigators for inappropriate communication and cooperation in the bridge were different like:
High gradient authority of the master due to his age or years of experience. Lack of guidelines from the shipping or piloting companies regarding the cooperation and communication in different situations. Over-trust to one's knowledge and maneuvering skills. Established faulty practices like seeing piloting as a one-man job.
This variation in the reasoning of a single cause shows the difficulty of addressing causality issues, as each needs different approaches to be addressed.
Additionally, the majority of the reviewed near-miss grounding cases from ForeSea were categorized into near-miss groundings because a mechanical problem, like steering malfunction, could have led to the possible loses of maneuverability. Therefore, near-miss grounding cases that are extracted from the ForeSea database may not be precisely a near-miss accident from our perspective. This again also shows that the incident databases should be used cautiously in evidence-based risk modeling, as the nearmiss definition of an accident may differ with the one that is used in such databases. Besides, by looking at the frequencies in the incident reports, some level of subjectivity in the reports may be recognizable. The Finnpilot reports mostly highlights the causes that are more important for the pilots, and the ForeSea reports may have some level of underreporting of human elements. This may question the reliability of the near-miss reports in general for detecting the contributing factors in accident modeling.
Despite the above discussions, the study is bounded with the involved uncertainties. Use of specific databases to extract the reports may introduce some level of uncertainty that roots to the way that the databases are formulated. Thus, the study needs to be repeated using reports prepared by other authorities and data providers. Besides, although it has been tried to not further investigate the events to avoid subjectivity when the reports are reviewed, still some level of subjectivity by the reviewers of the reports may be introduced into the extracted knowledge as uncertainty. However, this subjectivity is considered as not very significant (Hyttinen, 2013; Hyttinen et al., 2014) . 
Conclusion
The possibility of using accident and incident reports in evidence-based risk modeling is investigated using accident reports prepared by Finnish and British accident investigation boards (SIAF and MAIB) as well as ForeSea and FinnPilot incident databases with regard to grounding cases. A version of HFACS framework as HFACS-Ground is introduced to review the grounding accident reports, and the concept of Safety Factors as high level positive functions that are prerequisite for safe transport operations is used for reviewing the incident reports. In conclusion, accident reports are seen as a reliable source of evidence to extract the most significant contributing factors in grounding accidents. Nevertheless, their reliability will be better confirmed if their usability for extracting the interrelation between the contributing factors is also tested in future studies. On the other hand, voluntary incident reports are shown as not very useful or reliable in their current form for evidence-based risk modeling, while the mandatory incident reports are in a better position in that respect. The voluntary reports may only be useful in the way that they are currently used, as the alerts for possible hazards in the daily operation of shipping. In general, in order to make the incident reports useful for accident modeling, first they need to be prepared in a more systematic way that can address the causality of the mishaps, and second a more consistent definition of near-miss situation needs to be defined to reliably assign occurred mishaps to a specific type of accident.
Moreover, the results of this study as the extracted frequent contributing factors in grounding accidents as well as the detected interrelations between some of those contributing factors can be used for structuring a risk model for grounding accident. Since the results of this study are based on the actual accident and incident cases (i.e. real scenarios), the model that is structured using these results can be considered as an evidence-based risk model. Such model, as discussed shortly in the Introduction section and more comprehensively in Mazaheri et al. (2014b) , is suitable for risk management purposes as it reflects the background available knowledge on the system and its components. 
